Introduction
The use of dyes in chemistry, biology and medicine is continuously growing, with new applications in the diagnostic and treatment of disease. [1] [2] [3] [4] In the last two decades, the sensitive detection, identification and quantification of amino acids has been achieved through simple and fast analytical methods. Although fluorometric methods are potentially much more sensitive than colorimetric methods, the use of non-fluorescent dyes for quantitative and qualitative analyses can offer some advantages. First, histochemical applications often require reliable, sensitive and stable detection of targets in complex samples that may have significant background from either natural sample´s auto fluorescence or fluorescence created during sample preparation. This problem is avoided by the use of non-fluorescent dyes. Second, the need of ultra violet radiation for excitation of fluorescent dyes, implies more expensive equipment than chromophoric methods.
Examples of applications of non-fluorescent dyes include the use of amino acid N-derivatizing groups such as 4-[(N,N-dimethylaminophenyl)-4´-diazenyl]phenyl isothiocyanate for quantitative
analysis, [5, 6] 5-formyl-1H-pyrrole-2-carboxylic acid, which can be coloured on demand by treatment with hydrocinnamoyl chloride, [7, 8] and 4-[(N,N-dimethylaminophenyl)-4´-diazenyl]benzenesulfonyl chloride (DABS-Cl) for amino acid analyses by HPLC, [9] [10] [11] capillary [12] and polyacrylamide gel [13, 14] electrophoresis.
A method for staining proteins prior to polyacrylamide gel electrophoresis with Remazol Brilliant Blue R [15] and Drimarene Brilliant Blue, [16] two reactive dyes containing an ethyl sulfone and a difluorochloropyrimidyl group, respectively, was described. Non-fluorescent benzotriazole [17] and quinoline [18] azo dyes have been suggested for the study of dye-protein interactions and sequence analysis of genes by Resonance Raman spectroscopy.
Another application of non-fluorescent dyes in peptide chemistry is the synthesis of coloured peptide libraries labeled with monocarboxylic blue anthraquinone and red azo dyes. [19, 20] Having this in mind and following our previous work with a non-fluorescent dye as a temporary marker in peptide chemistry, [21, 22] we decided to develop and test some new markers with spectroscopic absorption peaks ranging from 400 to 500 nm for amino acid and peptide labeling.
Results and Discussion
The new chromophores used (Scheme 1) were obtained by diazotation of 3-aminophenyl acetic acid, 2-amino-4-thiazoleacetic acid, 3-and 4-aminobenzoic acid and coupling of the resulting diazonium salt to N,N-dimethylaniline (1, 2) or to β-naphthol (3, 4). [23] The carboxylic azo dyes (1) (2) (3) (4) were bonded to α-amine group of various amino acid esters by coupling them with the aid of carbodiimide (DCC) assisted by hydroxybenzotriazole (HOBt) under standard conditions. After purification by chromatography (dry or flash) on silica gel followed by recrystallisation, the corresponding acetyl azo derivatives (5, 6) were obtained; the benzoyl azo derivatives (7, 8) were isolated by precipitation from the reaction mixture with water and recrystallised from acetone. (Table 1) and were characterised by elemental analyses, by NMR ( 1 H and 13 C), IR and visible spectroscopy. The visible spectra of compounds 5 showed λ max falling within 409 nm (5d) and 446 (5b), with ε values 31644 and 17282, respectively. Thiazole ring, compared to the benzene ring, produced a bathochromic shift as exemplified with compound 6d where λ max was 495 nm. When β-naphthol was used as coupling component instead of N,N-dimethylaniline, the resulting amino acid esters (7, 8) showed absorption peaks at λ max 475 and 480, respectively. Furthermore, dipeptides 14 were obtained in yields between 60 and 84% by reacting labeled phenylalanine derivative 13 with several amino acid esters (Scheme 3, Table 2 ). 1 H NMR spectroscopy suggested that the racemization was as to much as 5%. Previous work has shown a racemization of 50% when the benzoyl azo derivative was used. [22] As a result this marker represents a potential advancement to benzoyl azo derivatives in stepwise syntheses. Labeled amino acid esters 5c and 5d were also submitted to treatment with zinc powder and thus converted into the corresponding colourless 3-aminophenylacetyl derivatives 19 (Scheme 5, Table 3 ). Despite difficulties in isolating the required products, the latter method to convert the labeled compounds into colourless materials proved to lead to better yields than the former.
Stability tests carried out with coloured alanine ester 5d under forcing conditions related with those usually required for cleavage of protecting groups during peptide synthesis, showed a good stability of the label to acidolysis, aminolysis and hydrogenation catalysed by Pd/C; treatment with strong base cleaved the ester function but not the label.
Conclusion
It was possible to obtain suitable coloured amino acid esters with maximum absorption peaks ranging from 400 to 500 nm by choosing the appropriate azo chromophore. Acetyl analogues such as those obtained from 3-aminophenyl acetic acid and N,N-dimethylaniline strongly suggest stepwise synthesis with lower epimerization rates when coupling is carried out under similar conditions as for benzoyl azo markers. Thus, our results shows that these chromophores can be used for peptide and protein labeling.
Experimental Section
General Remarks: All melting points are uncorrected and they were measured on a Gallenkamp 
13
C NMR spectra were run in the same instrument but at 75.4 MHz using the solvent peak as internal reference. Spectrometric analyses were performed at the "Unidad de Espectrometria de Masas" of the University of Vigo, Spain.
Elemental analyses were carried out on a Leco CHNS 932 instrument. Serine methyl ester hydrochloride and N-benzyloxycarbonyl lysine were commercial products. All the other amino acid ester hydroclorides were prepared with thionyl chloride by the usual procedure. N-tertbutyloxycarbonylserine methyl ester hydrochloride was prepared with di-tert-butylpyrocarbonate by the usual procedure. Dipeptide tert-butyl esters 11 were prepared by catalytic hydrogenation of the corresponding N-benzyloxycarbonyldipeptides, which were synthesised by standard methods. Dyes 3 and 4 were prepared following the same procedure described before. [23] 
The product of reaction of 1 with isoleucine methyl ester hydrochloride (203 mg, 1.12 mmol) was chromatographed using ethyl acetate-hexane 4:6 as the eluent to give the ester 5b (362 mg, 79% 
The product of reaction of 1 with phenylalanine ethyl ester hydrochloride (257 mg, 1.12 mmol)
was chromatographed using chloroform-methanol 5. ppm. 13 
N-{
The product of reaction of 2 with isoleucine methyl ester hydrochloride (203 mg, 1.12 mmol) was chromatographed using chloroform-methanol 5. 
Reaction of 3 with glycine methyl ester hydrochloride (141 mg, 1.12 mmol) gave the ester 7a
(240 mg, 59% 363.1219; found 363.1224.
Reaction of 3 with isoleucine methyl ester hydrochloride (203 mg, 1.12 mmol) gave the ester 7b
(263 mg, 56% Hz, 1 H, α-NH Ile) ppm. The assignments were supported by spin decoupling-double resonance. 
N-{ { { {4-[(2-hydroxy-1-naphthyl)-1' -diazenyl]benzoyl} } } }-phenylalanine methyl ester (8c):
Reaction of 4 with phenylalanine ethyl ester hydrochloride (257 mg, 1.12 mmol) gave the ester 8c (399 mg, 76% 
N-{ { { {3-[(N,N-Dimethylaminophenyl)-4'-diazenyl]phenylacetyl} } } }phenylalanylvaline tert-butyl ester (12c):
The product of reaction of dye 1 (255 mg, 0.90 mmol) with phenylalanylvaline tertbutyl ester 11c [24] (288 mg, 0.90 mmol) under the conditions described above for acylation with compounds 1-4 was chromatographed using diethyl ether-hexane (mixtures of increasing polarity) as the eluent to give the labeled dipetide 12c (500 mg, 94% Acidolysis with hydrochloric acid. To the fully protected amino acid 5d (50 mg; 0.14 mmol)
were added 6 M HCl (0.50 mL) under rapid stirring over 25 minutes. Evaporation under reduced pressure gave a red solid (47.6 mg; 84%). 1 H NMR confirmed the structure of the compound. 
